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Peanut, which is commonly planted in interculture and intercropping system, often suffers 
from shading caused by associated plants. This experiment aimed to study the effect of 
different shade levels of three peanut cultivars on the growth and seed yield, also to 
determine the shade-tolerant cultivar. A pot experiment was done at the Research Station of  
Agriculture Faculty Universitas Winaya Mukti since July until October 2016 by creating 50%, 
65%, and 75% artificial shade levels during the lifetime of Tuban, Jepara, and Bima cultivars. 
The shade significantly affected on number of trifoliate leaves, number of branches, plant dry 
weight, yield components (number of pods, number of filled pods, and number of seeds) , dry 
weight of pod, and seed weight per plant. The cultivar gave same effect on the growth and 
seed yield per plant. Based on Stress Tolerance Index (STI) analysis on the seed dry weight per 
plant, only Tuban cultivar showed great tolerance of 65% shade of natural light. Overall, the 
whole  cutivars tested were sensitive on 75% shade level.  
 




Kacang tanah yang biasa ditanam pada sistem tumpangsari dan interkultur, sering 
ternaungi karena berasosiasi dengan tanaman lainnya. Penelitian ini bertujuan untuk mengkaji 
pengaruh  naungan yang berbeda pada tiga kultivar kacang tanah terhadap pertumbuhan dan 
hasil, serta mendapatkan kultivar kacang tanah yang toleran terhadap naungan. Percobaan pot 
dilakukan di kebun percobaan Fakultas Pertanian Universitas Winaya Mukti  dari  bulan Juli 
sampai dengan Oktober 2016. Perlakuan percobaan adalah perbedaan naungan (tanpa 
naungan, naungan 50%, 65% dan 75%) selama siklus hidup tiga kultivar tanaman kacang tanah  
(Tuban, Jepara dan Bima). Hasil percobaan menunjukkan bahwa naungan memengaruhi 
jumlah daun trifoliat, jumlah cabang, bobot kering tanaman, komponen hasil (jumlah polong, 
jumlah polong isi, dan jumlah biji), bobot kering polong dan bobot kering biji per tanaman. 
Kultivar memberikan efek yang sama terhadap pertumbuhan dan hasil per tanaman. 
Berdasarkan analisis Stress Tolerance Index (STI) terhadap bobot kering per tanaman, hanya 
kultivar Tuban yang toleran pada naungan 65%. Semua kultivar peka terhadap naungan 75%.  
 
Kata kunci : efek naungan, kultivar kacang tanah, toleransi naungan   









A plant naturally needs light for its 
growth especially for photosynthesis 
process.  Light is one of important factors 
for plant’s growth in the ecosystem and an 
environment factor which affects the 
growth, morphology, physiology, and 
biochemistry of the plant (Kwon & Woo, 
2016). Therefore, the light highly affects 
the growth and yield of a plant. In other 
words, light is the delimiter factor for 
growth and yield of a plant.  
The plant responses due to the light 
stress are various, because plants’ light 
requirements are different depending on 
the plant species / genotypes and 
environment. There are two methods of 
plants in responding less favorable 
conditions; abolishing or avoiding the stress 
and being tolerance towards stress. The 
response of plant in shaded environment i s 
determined by the plant tolerance towards 
reduction of light intensity. The plants 
which are tolerance to shading or low l ight 
intensity are highly needed to be used as a 
plant component on intercropping system 
also planted under the tree stands on 
intercultural system. Intercropping and 
intercultural systems are the efforts for 
land use efficiency due to the decreasing of  
agricultural land in Indonesia because of 
land functional shift. Somehow, wrong 
selection of plant types or plant cultivar on 
interculture system will cause non optimal  
yield.  
Peanut is one component of intercultural 
plants or alternative of intercropping plants 
which is socially and economically beneficial 
moreover it is usefull for fertilizing the soi l .  
This plant requires enough sunlight, and 
based on its photosynthesis type, it belongs 
to C3 plants group which is responsive to 
shade.  
Plant response as the effect of 
environmental factors can be seen on the 
performance. The plants try to respond to 
its special needs during its life cycle, if the 
environment factor does not support. This 
kind of response can effect on a 
morphological, physiological, or anatomical  
character. Although the genotype is the 
same, in a different environment there can 
cause a different performance (Suparman & 
Abdurrahman, 2003). A previous research 
showed that shade can decrease the plant 
yield significant at nuts, like soybean, 
peanut, and green bean (Susanto & Sundari, 
2011; Sundari & Susanto, 2015).  
The usage of superior variety with higher 
productivity has been done in efforts to 
increase production. Whether, the superior 
variety/cultivar tolerance will constantly 
give high yield if planted under shaded 
place is interesting to find out.  
Physiologically, the plant said as shade 
tolerance if it can survive under minimum 
light condition (Valladares & Niinemets, 
2008). The tolerance level of plant species/ 
variety/ cultivars is various and can be 
known through Stress Tolerance Index (STI) 
on percentage of decreased observed 
character. 
This research was taken with the 
purpose to study the shade effect towards 
growth and yield of three peanut cultivars 
and to determine which peanut cultivar that 
is tolerant of shade. The three cultivars are 
superior cultivars that have long been 
released but are still widely planted, have 
the same harvest age, have a fairly high 
average yield (1.7-2 t ha-1 of dry seeds yield) 





(Kasno & Harnowo, 2014).  The result of this 
research is expected that it becomes a more 
efficient method to prevent the decreasing 
of plant productivity on the shaded 
environment. 
  
MATERIALS AND METHOD 
 
This research was a verificative 
experiment by using pot experiment. This 
study was carried out at the Research 
Station of Agriculture Faculty Universitas 
Winaya Mukti with altitude of 820 m above 
sea level. The experiment was done since 
June until September 2016. Three peanut 
cultivars, namely Tuban, Jerapah, and Bima, 
were planted under different shade levels; 
without shade or full light intensity; shaded 
by 50%, 65%, and 75% levels during the 
plants’ life cycle. Shade arrangement used 
paranet that was installed before planting, 
and reached 1.2 m of height. The placement 
of treatments used Split Plot Design, where 
the shade as main plot and variety as sub-
plot. Each treatment was repeated three 
times. 
The pot was filled by 8 kilos of soil ,  then 
added with chicken manure at the dose of 
20 tons per ha (80 g per pot) by mixing it 
evenly in each growing media. Two grains of 
peanut seeds were planted per pot and one 
plant was maintained until the harvest. The 
fertilization of N, P, and K was given on 15 
days after the planting with the dose of 50 
kilos ha-1 of Urea (46% N), 60 kilos ha-1 of 
SP-36 (36% P2O5), and 50 kilos ha-1 of KCl 
(60% K2O). 
Growth, yield components, pods dry 
weight, and seed dry weight per plant as 
the tolerance level of shade on three 
peanut cultivars were observed as plant 
responses due to shade. Variation of 
treatments were analyzed by using F test 
with significant level of 5% and LSD test of 
5% significant level was used to examine 
the differences among treatments. The 
determination of tolerance level on shade 
for each cultivar was based on Stress 
Tolerance Index value gained by formula: 
STI = [(Yp) (Ys) / (Ῡp)2] (Fernandez, 1992 cit. 
Komariah, et al., 2017).  
 
 
RESULTS AND DISCUSSION 
 
 Plants will give response if the growth 
factors are limited. The shade will cause 
light accepted by the plants reduced, not 
only the quantity but also the quality.  
According to analysis of variance, there was 
no interaction effect between shade and 
variety, toward growth and yield of the 
tested peanut. This might be happened 
because the three cultivars used genetically 
belong to the same type of peanuts, which 
is Spanish, so they have similarities on many 
plant characters. Most of superior 
cultivars that have been released and 
widely planted in Indonesia include the 
Spanish type, fastigiata spp with some of 
the main characteristics are same (Dwi 
Utomo et al., 2005; Kasno & Harnowo, 
2014; Sumarno, 2015) 
Individually, shade increased plants 
height at each observation time. Plants 
height on unshaded was lower than shade d 
plants (Table 1). On unshaded plants, auxin 
activity is inhibited by the light, but on the 
shaded plants the activity is higher (Yang et 
al., 2018), so that there is increasing on 
cleavage and stem cells extension. The 
shaded plants were said to have etiolation.  
As the result, the shaded plants height was 
taller than unshaded ones. The same thing 
happens on results research of Dalmolin et 
al. (2012), and Ratri et al., (2015) that 





shading significantly increases plants height. 
Meanwhile, cultivar treatment gave 
different effects toward plants height at 14 
DAP, 28 DAP and 42 DAP, but it was 
relatively the same on the last observation 
(56 DAP). 
The number of unshaded peanut leaves 
was more than the shaded plants (Table  2) .   
The more increasing the shade (light 
intensity decreases), the fewer numbers of  
the leaves. Seventy five percent shade 
caused the fewest numbers of trifoliate 
leaves on every observation time Similar 
results occur in tumeric plants and 
Arabidopsis, where the number of leaves 
decreases due to shading (Cookson & 
Granier, 2006; Ratri et al., 2015).  Haryanti 
(2010) assumed that shade plants have 
small roots, fewer numbers of roots and 
thinner cell walls as reducing effect of 
photosynthesis product to roots.  This 
causes the absorption of nutrients by the 
root is decreased and will inhibit leaf 
growth including leaf formation the lead to 
fewer number of leaves.  
On Table 2 is seen that cultivar 
generated real effects on the leaves 
number per plant on 14, 28 and 42 DAP 
observation times. Tuban cultivar had the 
most leaves number, followed by Jerapah 
and Bima. However, in the end of 
observation the leaves number showed 
unreal differences for the three peanuts 
cultivars. 
As well as the plant height and leave 
numbers, yield components were also 
more affected by the shade than the 
cultivar. The shading caused decreasing on 
branch number, plant dry weight and other 
yield components i.e. number of pods and 
dry weight of filled pods per plant. 
Unshaded peanuts had the highest number 
of branch and dry weight of stover, and was 
really different from the shaded plants 
(Table 3). The more shading level caused 
lower light intensity received by the plants, 
it led a decreasing of dry weight and 
number of branches, pods, and filled pods 
per plant. 
Table 1. Individual effect of shade and peanut cultivar on plant height 
Treatments 
Average of plant height (cm) 
 14 DAP  28 DAP  42 DAP  56 DAP 
Shade:         
Unshaded 10.08 a 16.48 a 27.18 a 36.62 a 
50% shade 11.51 b 17.82 b 29.12 b 41.30 b 
65 % shade 11.64 b 17.10 ab 25.48 a 38.69 a 
75 % shade 12.71 c 21.93 c 29.56 b 38.77 a 
Lsd.05 0.60  1.09  1.70  2.51  
Peanut cultivar:         
Tuban 11.00 a 17.30 a 26.62 a 37.76 a 
Jerapah 11.53 ab 18.31 b 27.85 ab 39.29 a 
Bima 11.93 b 19.39 c 29.03 b 39.49 a 
Lsd.05 0.59  0.84  1.80  2.39  
Remarks: Numbers followed by same letter are not significantly different based on Least Significant 
Difference (LSD) Test at 5% level  
 
Light is one of environmental factors 
which is highly needed in the process of 
photosynthesis. On the more increasing 
shade, light intensity received by the plants 





will be lower, the process of 
photosynthesis will be reduced so that the 
stored photosynthesis result is lesser. This 
availability of photosynthate may limit the 
growth of branch and the number of 
leaves, so that the dry weight of stover 
becomes low. According to the research of  
Adelusi & Aileme (2006) showed that 
peanut index leaf area and dry weight were 
both significantly reduced by shading. 
Other researcher (Hemon, et al., 2018) 
shows that decreasing of dry stover weight 
in mutant peanut genotypes reached 
48.5% - 72.5% due to shading. Also, at 
some cultivars of green gram showed that 
significantly reduction in total dry weight 
and thinner leaf thickness due to shading 
(Araki, et al., 2014). 
 
 
Table 2. Individual effect of shade and peanut cultivar on number of leaves 
Treatments 
Number of leaves 
 14 DAP   28 DAP  42 DAP 56 DAP 
Shade: 
       Unshaded 4.78 d 17.69 d 35.14 d 53.31 c 
50% shade 3.97 c 15.39 c 30.39 c 49.33 c 
65% shade 3.64 b 12.53 b 25.33 b 40.64 b 
75% shade 3.00 a 10.56 a 20.33 a 30.89 a 
Lsd.05 0.12  
1.28 
 




    
  
Tuban 3.83 b 14.31 b 28.27 ab 45.06 a 
Jerapah 4.58 c 15.19 b 29.02 b 42.79 a 
Bima 3.13 a 12.63 a 26.10 a 42.77 a 
Lsd.05 0.15  
1.27 
 




Remarks: Numbers followed by same letter are not significantly different based on Least Significant 
Difference (LSD) Test at 5% level  
 
The main cause of decreasing dry 
weight due to shading is the lower 
photosynthesis process which depends on 
receveid light. Some enzymes of 
photosynthesis process, i.e phosphori-
boisomerase, phosphoribulokinase, ribu-
lose-1,5-diPcarboxylase, need enough light 
for activation. If the light is not sufficient, 
the enzymes will be deactivated until the 
fixation of CO2 decreases and the 
photosynthesis process is hampered (Shao, 
et al., 2014; Kwon & Woo, 2016).   
Branch is included to vegetative part of  
plant where the leaves stick on. The pods 
and filled pods number per plant dropped 
following the more increasing of shading, 
as it happened to the branch numbers 
(Table 3). According of the research of 
Gultom (2008) which shows that was a 
positive correlation between branch 
numbers towards pods and filled pods 
numbers per plant. On this research, it can 
be pressumed that when the branch 
number increased, leaves number also 
elevated, led to the increase of 
photosynthesis process. Therefor pod and 
filled pod would get more assimilate to 
grow. 
Cultivar affected on branch, pods, and 
filled pods number per plant variously, 
except on plant dry weight. Pods and filled 
pods number per plant of Tuban and 
Jerapah cultivars were more than Bima 
cultivar. They are relatively resistant and 





tolerant to major diseases of peanuts, 
meanwhile Bima cultivar has a susceptible  
on rust and moderate-tolerant on wilt 
diseases (Kasno & Hernowo, 2014).  This i s 




Table 3.   Individual effect of shade and peanut cultivar on component of vegetative growth 







pods per plant 
Number of filled pods 
per plant 
Shade:         
Unshaded 8.67  d 83.52 d 38.08 c 34.22 d 
50% shade 7.92 c 67.85 c 24.83 b 22.92 c 
65% shade 7.00 b 54.74 b 20.86 b 18.61 b 
75% shade 4.84 a 30.81 a 11.03 a 9.17 a 
Lsd.05 0.20  9.78  5.72  1.63  
Peanut cultivar:         
Tuban 6.96 a 61.44 a 25.15 b 22.92 b 
Jerapah 7.33 b 57.95 a 26.75 b 23.71 b 
Bima 7.03 a 58.30 a 19.21 a 17.06 a 
Lsd.05 0.15  8.03  3.54  2.17  
Remarks: Numbers followed by same letter are not significantly different based on Least Significant 
Difference (LSD) Test at 5% level  
 
Shade effects on pods weight and seeds 
yield are listed on Table 4. The higher the 
shade level (light intensity decreases),  the 
lower fresh pods weight, dry pods weight, 
and seeds yield per plant (seeds number 
and weight).  According to the research of 
Susanto & Sundari (2011) which shows that 
50% shade reduced the number of pods 
and seed weight compared to those in 
unshaded soybean. Podding is a very 
sensitive phase towards shading. High pods 
weight is supported by lots number of pods 
because pods and filled pods number are 
positively correlated with filled pods 
weight (Sundari, 2016). Consequently, the 
highest  dry pods weight was on unshaded 
plants and the lowest was on the plants 
with 75% shaded. 
 












Seeds weight per 
plant (g) 
Shade:         
unshaded 83.26 d 40.50 d 65.56 c 28.94 c 
50% shade 59.03 c 28.17 c 42.92 b 20.40 b 
65% shade 45.52 b 22.08 b 36.03 b 16.57 b 
75% shade 22.81 a 11.24 a 15.58 a 8.63 a 
Lsd.05 11.93  5.02  9.87  4.66  
Peanut cultivar:         
Tuban 53.36 a 26.47 a 42.06 b 19.79 a 
Jerapah 52.62 a 25.39 a 40.77 a 18.76 a 
Bima 51.98 a 24.64 a 37.23 a 17.38 a 





Lsd.05 7.89  3.92  4.74  2.78  
Remarks: Numbers followed by same letter are not significantly different based on Least Significant 
Difference (LSD) Test at 5% level  
 
The shade, besides affected the growth 
and yield component, also affected peanut 
seeds yield. The higher level of shade, the 
lower seeds yield. The lowest dry seeds 
yield was on 75% level of shade. Low seeds 
yield due to shading during plant life cycle  
was caused by leaves numbers and branch 
numbers (as a source) that became fewer, 
lower photosynthesis capacity, and 
inadequate photosynthesis to raise yield 
component (pods number and weight) 
which finally led to low seeds yield of 
peanut.  This is in line with the opinion of 
Kwon & Woo (2016) that shaded plants will 
have thinner leaves, decreased palisade 
parenchym, lower leaf area, lower 
photosynthesis and lastly could affected on 
yield components. 
The highest unshaded seeds yield was 
also supported by the pods number and 
pods weight, also the most seeds number. 
Those yield components were positively 
correlated with the yield.  Shade effects on 
the decrease of peanuts seeds yield is seen 
on Figure 1.  The highest decrease of dry 
seeds yield (> 70%) was found on 75% of 
shade, followed by 65%, and 50% of shad e 
for each > 40% and < 5%, respectively.  
Research result of Chen et al. (2019), rice 
yield decreased under shade 15%-20% 
compared to under sunny day. The 
decrease of yield due to shading also 
occurs to beans and corn. Research result 
of Sundari & Susanto (2015) showed that 
75% of shade gives lower soybean yield 
than 50% and 25% of shade, for each 
decrease 30.01% and 65.21%. Corn’s Yield 
compared with unshaded reduced by 
shade (Li et al., 2005).  Shaded on two corn 
inbred with the intensity of 50% and 90% 
successively decrease 67.5%, 79%, and 
82.9%, 86.7% of yield (Zhang et al., 2006). 
 
Figure 1.   Decreased level of pods and seed yield toward unshaded peanut 
 
 Research result on the level tolerance 
of peanut cultivar on shade, which is 
declared through STI value listed on Table 
5.  Tuban, Jerapah, and Bima cultivars are 
still tolerant of 50% of shade. It means that 
if three peanut cultivars are planted under 
50% shade (50% of light intensity), they will 
still give good yield. However, if 75% of 
shade (25% of light intensity), the three 
cultivars gave terrible yield and it proved 
by the high decline percentage of dry seeds 
yield (>70%). Out of three peanut cultivars 





used in the experiment, only Tuban cultivar 
that was tolerant of 65% of shade with 
0.5959 of STI value (tolerant). This means 
that the Tuban variety on 65% shade still 
gave better growth and yield than the 
Jerapah and Bima varieties. 
 Plant tolerance towards low-light stress 
is a plant genetic trait. The low-light 
tolerance of plants is a complex trait, and 
at the cucumber plant the trait is 
controlled by several major genes and a 
mini-polygene base on the classical 
analysis method and QTL (quantitative trait 
locus) (Li, et al., 2015). Traits that are 
controlled by polygenic genes are strongly 
influenced by the environment. 
 





Shade independently more affected on 
plant growth and yield compared to 
cultivar. Shade escalated plant height but 
significantly reduced branch numbers, 
leaves numbers, yield components, and 
peanut yield. Seventy five percent of shade 
showed the most decline of dry seed yield, 
and the three cultivars included to 
intolerant category at this shade level. 
Tuban and Jerapah cultivars gave higher 
dry seeds weight per plant than Bima. 
Based on calculation of STI value, only 
Tuban cultivar that was tolerant of 65% of 
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